The 1536-well microplate format has widely supplanted the 384-well microplate format for high-throughput screening and for IC 50 assays. Previously, liquid chromatography/mass spectrometry (LC/MS) analyses of such samples required manual transfers of the wells of interest from a 1536-well plate into a 384-well plate. Because this manual transfer introduced a source of potential error, it became clear that a more appropriate solution would be to sample directly from the 1536-well plates. Currently, commercially available 1536-well plate autosamplers are not compatible with Waters LC/MS systems. The authors have modified their CTC PAL autosampler to support injection from up to twenty-four 1536-well plates. This allows them to cherry-pick any sample from up to 36,864 wells on the autosampler. Because of its success at this Institute, sampling from 1536-well plates has not only become the preferred method for LC/MS analysis from IC 50 plates but also become the standard format used for the handling of and the sampling from large combinatorial libraries. (Journal of Biomolecular Screening 2006:318-322) Key words: high-throughput screening, IC 50 assays, LC/MS, 1536-well microplate 318 www.sbsonline.org
INTRODUCTION
A N AUTOMATED HIGH-THROUGHPUT SCREEN (HTS) of hundreds of thousands of compounds often yields many seemingly active compounds. Although it is now possible to use a highthroughput cherry-picking instrument to facilitate the creation of a large number of serial dilution plates for activity reconfirmation, merely finding activity is not enough. It is important to know that the expected compound is present, as it is more efficient to focus on activity that correlates with expected compounds than to attempt to determine the structure of the component responsible for the activity. One facile way to assess the presence or absence of a compound is liquid chromatography/mass spectrometry (LC/MS) analysis. With this standard tool, it is possible to determine not only if the mass-to-charge ratio (m/z) of the expected compound is present but also the relative purity 1 of each compound. Such analyses typically are done using the remnants of the serial dilution plates after the confirmatory IC 50 assays are completed. Until 2001, such screens were usually done in 384-well plates. Since 2001, the 1536-well microplate has widely supplanted its 384-well predecessor for use in IC 50 assays for several reasons, 2-4 including reduced screening costs and screening time.
Until recently, there were no commercially available autosamplers that could reliably sample from a 1536-well plate. In 2001, the analytical LC/MS needs were addressed by transferring aliquots from the 1536-well serial dilution plate to a 384-well plate for analysis, a time-consuming and possibly error-prone method for handling samples. This process deviated from the overall vision of having the Institute database track the contents of every plate robotically created on site and created a data-handling morass. It was necessary to devise and implement a method of sampling directly from 1536-well plates. This technical note outlines the details of the method to enable others to replicate this. During the past 12 months, more than 200,000 samples were analyzed from 1536-well plates without any sampling errors.
MATERIALS AND METHODS

Instrumentation
A parallel, 4-channel analytical LC/MUX-MS was used for this work. The system consisted of a 4-channel CTC PAL HTS autosampler with two 6-drawer stacks (Leap Technologies, Carrborro, NC), a 2525 binary gradient module (Waters Corporation, Milford, MA), a 2488 four-channel, dual-wavelength ultraviolet detector (Waters Corporation), and a ZQ 2000 equipped with a 4-channel MUX indexed sprayer (Waters Corporation). Four Sedex 75C evaporative light-scattering detectors (ELSDs; Richard Scientific, Novato, CA) were used. The mass spectrometer had a capillary voltage of 3.30 kV, a cone voltage of 40.0 V, an extractor voltage of 3.00 V, an RF lens voltage of 0.3 V, a source temperature of 150°C, a desolvation temperature of 425°C, a cone gas flow of 113 L/h, and a desolvation gas flow of 600 L/h. The 2 ultraviolet (UV) wavelengths acquired were 220 nm and 254 nm. Four 50 × 2.1 mm ID columns packed with Atlantis dC18A, 5 µm particle size (Waters Corporation), were used for analysis. A binary gradient method was used with eluent A being 0.05% (v/v) formic acid in water and eluent B being 0.035% (v/v) formic acid in acetonitrile. A 3-min linear gradient from 5% B to 95% B was used, followed by a 0.5-min wash at 100% B and a 1-min reequilibration time. A flow rate of 4 mL/min was maintained throughout the run with the flow split across the 4 columns using a 1:4 manifold, Z4M1 (Valco Instruments, Houston, TX), achieving an effective flow rate of 1 mL/min/column. Postcolumn, the flow path of the eluent travels through the UV detector and is subsequently split between the mass spectrometer and the ELSDs using a ZT1C tee (Valco). The split diverts 50 µL/min/channel into the mass spectrometer, with the remainder going to the ELSDs. To prevent the CTC head from drifting over time, it was homed before each injection.
Modifications to the CTC PAL autosampler enabling reliable sampling from 1536-well plates
Fixing the plate within the drawer. The diameter of a well in a 1536-well plate is 1.4 mm. The outer diameter of the 22-gauge needle on a 25-µL, 50-µL, or 100-µL Kloen syringe used with the CTC autosampler is 0.7 mm. With the diameter of the needle being approximately half the diameter of a well, a shift as small as 0.4 mm could result in the needle crashing into the plate or, if slightly larger, unexpected sampling from an adjacent well. It is therefore necessary to fix the plate position within the PAL drawer to prevent its position from shifting. Shims were made using 1/64-in. spring steel to hold the plates in one position. One-inch-long strips were folded in half into a V shape to fit between the plate and the drawer walls ( Fig. 1) . (Note that shims taller than 0.5 in. can result in a collision with the PAL head and/or sampling errors. At times, the collisions were not significant enough to stop the autosampler from operating.) Because of the small clearances and the variability in manual positioning of the plates during loading, it is important to verify that the syringe will properly align with the 3 corner wells of the 1536-well plate the CTC uses for checking plate positions (A1, A48, and AF48). With a properly configured system, a skilled practitioner can accomplish this within 3 min per plate. Retraining the 1536-well plate positions is seldom required.
Adjusting the drawers of the autosampler
The "A" row of the plate positioned on the rear tray of a drawer could not be accessed reliably because of the autosampler's head 
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contacting the magnetic buttons on the front of the closed drawer directly above the one being sampled. To resolve this, the drawer was adjusted to allow it to open as far as possible by loosening the screws on the drawer stop using a 2-mm Allen wrench, sliding the drawer stop bracket out as far as possible, and then retightening the screws. In our hands, this provided the additional 3 to 4 mm of space necessary.
Creation of the 1536-well plate Tray Type with the PAL controller
It is necessary to create a custom 1536 Tray Type with the PAL controller, as a default one does not exist in the menu. On the PAL controller, create a plate within the Tray Types menu from an existing one and enter the dimensions for a 1536-well plate (row length, column length, samples per row, samples per column, etc.). 
RESULTS AND DISCUSSION
To ascertain how reliably the autosampler could sample from each well of a 1536-well plate, an entire foil-sealed 1536-well plate containing DMSO was analyzed. This test showed no obvious errors in sampling. However, subsequent testing with 4 different compounds-triflupromazine, FMOC-arginine, procainamide, and imipramine-plated in a repeated pattern of A1, A2, B1, B2, indicated 3 sampling errors across 2 plates, an error rate of 0.1%. These sampling errors were eliminated by homing the PAL head prior to each set of 4 injections.
Because the data being acquired using this parallel LC/MS instrument were intended to be used to help identify active wells that did not contain the expected compound, it was critical that the data quality be unaffected by the modifications. With the shift from 384-well plates to 1536-well plates, the well dimensions decreased, leading to a smaller volume of solution from which to sample. In addition, analytical LC/MS from 384-well plates typically consumed 10 µL of solution, which is approximately 150% of what is present in the well of a 1536-well plate. To determine if sampling from different plates yielded different results, 7-µL injections of the same 1 mM solution were performed from both a 384-well plate and a 1536-well plate. A comparison of the quality of the data acquired is shown in Figure 2 .
One of the advantages of sampling from 1536-well plates is compound conservation. It is necessary to fill a 384-well plate with at least 20 µL of solution and a 96-well plate with 30 to 40 µL of solution to allow for consistent sampling. Typically, a 1536-well plate is filled with 7 µL of sample solution, and there is no problem retrieving the entire contents of the well with a 22-gauge needle without displacing any of the sample solution over the walls of the well. Because IC 50 assays are performed in 1536-well plates, LC/ MS analysis can now be performed using the remnants of the serial dilution plates after the confirmatory IC 50 assays are completed. This not only conserves compound but also eliminates the need to prepare a separate set of samples for LC/MS analysis.
Initially devised to handle IC 50 plates, as shown in Figure 3 , the ability to sample from 1536-well plates led to wider use for library analysis. Because a CTC autosampler equipped with two 6-drawer stacks can accommodate twenty-four 1536-well plates, it is possible to queue and/or cherry-pick from an entire 32,000+ compound combinatorial library.
Because of the small sample consumption, there was an increased interest in obtaining LC/MS data for larger numbers of compounds, and in the past calendar year, more than 200,000 samples were analyzed from 1536-well plates using just the 4-channel LC/MS. Although random checks of sampling fidelity were done regularly, no errors were found during the analysis of these 200,000 samples.
A 400% increase in sample density per plate not only facilitates the physical handling of large numbers of compounds but also makes data processing and uploading more manageable because the data collected are processed and the results file stored as single plates by plate bar code for ease of locating particular data when questions arise. The uploaded data can be viewed as a 1-screen summary, as shown in Figure 4 . This summary provides a graphical interface that provides not only confirmation of expected m/z but also UV and ELSD purity. 5, 6 Thus, for small, focused libraries of up to 1408 compounds, chemists can get a complete view of the quality of all the compounds synthesized.
CONCLUSIONS
Straightforward modifications may be made to a standard CTC PAL autosampler to permit sampling from 1536-well plates. This report outlines the necessary changes and demonstrates the robust-Unattended LC/MS Analysis ness of the system. Several of the Waters LC/MS systems in our laboratory have been modified to support the use of 1536-well plates. These instruments have been running for more than 1 year without incident. The 2 key steps to successful sampling from 1536-well plates include affixing the plate consistently within the PAL drawer and homing the syringe head before each injection.
Although initially started to support the Lead Discovery's continual drive to miniaturize to reduce assay costs and increase throughput, the ease of sampling from 1536-well plates and the lower sample consumption have made it the preferred sample plate for analytical LC/MS analysis. Importantly, with the addition of this plate format, sampling can be done from any plate created at the Institute.
